The objective of the current study was to evaluate the impact of dietary inclusion of spraydried animal plasma (SDAP) during the starter phase with or without bacitracin methylene disalicylate (BMD) on broiler performance. The experimental design included a 2 × 2 factorial arrangement of SDAP (0 or 2% during the starter phase only) and BMD (0 or 50 g/ton during the whole study) resulting in a total of four dietary treatments. Prior to placement, broilers received a coccidiosis vaccine via a commercial spray cabinet and were placed on recycled litter for a 41-d assay period. The addition of BMD positively influenced growth performance with elevated BW on day 10, 28, and 41, and a reduction in FCR during the finisher phase and cumulatively throughout the entirety of the trial. Inclusion of SDAP at 2% during the starter phase increased (P < 0.001) day 10 BW by 18 g when compared to the control. This increase in BW continued through day 28 and 41 with improvements (P < 0.05) in flock uniformity on day 41 being observed. Additionally, starter diet inclusion of SDAP reduced (P < 0.001) starter FCR, while grower and finisher FCR were not impacted. The improvement in FCR observed when SDAP was present resulted in cumulative day 1 to 41 FCR being reduced (P = 0.02) as compared to control fed broilers. Neither feed consumption nor mortality were impacted by the addition of SDAP or BMD. These results demonstrate the benefit of SDAP supplementation when included in the starter phase with benefits in BW and FCR in diets with or without BMD.
DESCRIPTION OF PROBLEM
Due to the continuous movement towards antibiotic free (ABF) broiler production, poultry integrators are faced with numerous challenges to successfully produce ABF birds while maintaining adequate performance and minimizing production costs. With the removal of antibiotics such as bacitracin methylene disalicylate (BMD), as well as ionophore anticoccidials in ABF systems, producers are forced to explore 1 Corresponding author: jtlee@tamu.edu alternative ingredients and methods to combat the health and enteric disease challenges present [1] .
Spray-dried animal plasma (SDAP) is a highly digestible and functional protein byproduct obtained from the fractionation of animal blood. This protein source is manufactured from commercial slaughtering facilities by the collection of whole blood that is further processed and dried in order to preserve protein quality and function [2] . Although SDAP contains approximately 78% crude protein with relatively high concentrations of essential amino acids such as lysine, tryptophan, and threonine [3] , it also possesses functional proteins that further enhance performance and improve animal health [4] . These functional components include immunoglobulins, albumin, fibrinogen, lipids, growth factors, enzymes, and various other biological factors that impact the intestine beyond their nutritional value [4] .
Since the first proposed use of SDAP in swine diets in the late 1980's [5, 6] , various studies have been published demonstrating its beneficial effects on swine health and performance [7] [8] [9] with inclusion levels ranging from 4%-8% to achieve optimum growth [10] . Additionally, preceding research has proposed that benefits elicited from the addition of SDAP are more pronounced in a health-challenged setting compared to more sanitary, conventional environments [10] [11] [12] [13] . Although not fully understood, the previous literature has suggested that the mechanism of action involving SDAP includes the mediation of the immune system through lower expressions of pro-inflammatory cytokines, resulting in a reduced inflammatory response both locally and systemically [4, 7, 14] . When the immune system is compromised, feed intake is suppressed, and protein and energy stores are mobilized to support the initial acutephase response [15, 16] . The ability to modulate the immune system allows the animal to repartition nutrients from the energy-taxing maintenance and deployment of the immune system, and redistribute those nutritional and energy resources to anabolic processes such as growth and protein accretion [15] [16] [17] .
Similar challenges are experienced between both the newly hatched chick and weaned piglet, especially in ABF systems, justifying the ability for SDAP to improve animal health and performance in both monogastric species [18] . Although previous research regarding the use of SDAP in poultry is limited, several authors have reported improvements in both health and performance when feeding SDAP between 0.5% and 2.0% [13, [19] [20] [21] . It is possible that the addition of SDAP in poultry diets may be a viable alternative to antibiotics with positive impacts on bird health and performance being apparent. Therefore, the objective of this study was to evaluate the effects of SDAP fed during the starter phase with or without the inclusion of BMD on broiler performance.
MATERIALS AND METHODS

Experimental Diets
The impact of SDAP [22] in diets with and without BMD on broiler performance was evaluated in a completely randomized experimental design consisting of four dietary treatments throughout a 41 d grow-out period. (Table 1 ). All diets were corn-soybean meal based and were formulated based on a 2 × 2 factorial consisting of SDAP and BMD inclusion. Spray-dried animal plasma was included at 2% in the starter diet (day 1-10) and discontinued following day 10. The addition of BMD in the medicated treatments was included at a sub-therapeutic level (50 g/ton) throughout the duration of trial. Treatments consisted of: (1) BMD 50 g/ton, no SDAP; (2) non-medicated, no SDAP; (3) BMD 50 g/ton, SDAP 2%; and (4) non-medicated, SDAP 2%. All diets contained equal energy and crude protein levels and included corn distiller's dried grains with solubles (DDGS) and meat and bone meal throughout the study. During feed manufacturing, two basal starter diets (Table 1 ; Control or SDAP) were mixed, divided equally, then BMD was added to the appropriate batch and re-blended to make the final starter feed treatments. For each grower and finisher phases, one common basal diet was mixed, equally divided, then BMD was added and the batch was reblended to make the final grower or Finisher feed treatment. All diets were supplemented with 250 FTU/kg of phytase [23] with a matrix value of 0.145% available phosphorus and 0.145% calcium. Starter diet was pelleted and then crumbled while grower and finisher diets were only pelleted. The conditioning time was approximately 12 s with a pelleting temperature ranging from 74
• C -77 • C. Samples were collected in duplicate during feed manufacturing for nutrient analysis ( 
Experimental Design
On day of hatch, 792 Ross 708 males were vaccinated with a coccidiosis vaccine [25] via a commercial spray cabinet and were allotted to floor pens and dietary treatments based on initial body weight (BW). Each treatment consisted of nine replicates containing 22 birds per replicate pen. Chicks were provided supplemental heat and given access to feed and water ad libitum. Chicks were placed in 0.91 × 1.83 m rearing pens with tube feeders and nipple drinkers with recycled litter from three previous flocks used as bedding material. Animal care was provided in accordance with a protocol approved by the Institutional Animal Care and Use Committee (IACUC). The dietary program consisted of three dietary phases with a starter diet being fed from 1 to 10 d of age, grower from 10 to 28 d, and a finisher being fed from day 28 to 41. All broilers and feed were weighed on the days of dietary changes for calculation of average BW and determination of feed consumption 
Statistical Analysis
All data were subjected to a 2 × 2 Factorial Analysis of Variance (ANOVA) using SPSS V 22.0 with main effect means being statistically different at P ≤ 0.05. In the instance of a significant interaction present between SDAP and BMD, data were then subjected to a one-way ANOVA and individual treatment means separated by Duncan's multiple range test.
RESULTS AND DISCUSSION
No significant interactions (P < 0.05) were present between BMD and SDAP throughout the study. On day 10, both BMD and SDAP impacted BW with the addition of BMD increasing day 10 BW by 6 g compared to diets without BMD (Table 3) . Supplementing SDAP at 2% during the starter period increased (P < 0.05) day 10 broiler weight by 17 g compared to diets without SDAP. Similar trends in BW were noted on day 28 with birds fed BMD being 30 g heavier (P < 0.05) than birds fed diets without BMD. Furthermore, the addition of 2% SDAP in the starter diet resulted in a 32 g improvement (P < 0.05) in day 28 broiler weight compared to the control diets. These improvements in BW continued through day 41 with both BMD and SDAP impacting male broiler weight at the end of the trial. The continuous administration of BMD throughout the study resulted in a 61 g increase (P < 0.05) in day 41 BW compared to diets without BMD addition. Similarly, the improvements in bodyweight on day 14 and 28 observed with the inclusion of 2% SDAP in the starter period continued to day 41 with a 58 g improvement (P < 0.05) in BW being observed compared to diets without SDAP. Although the inclusion of BMD did not impact FCR during the starter, grower, or cumulative through day 28; the addition of 2% SDAP in the starter phase resulted in a 9 point reduction (P < 0.05) in FCR when compared to diets without SDAP (Table 3) . Even though SDAP supplementation did not impact grower FCR, cumulative FCR through day 28 was influenced with birds fed SDAP yielding a 2 point improvement (P < 0.05) in FCR compared to birds fed the control. The addition of BMD improved (P < 0.05) both the finisher and cumulative FCR (day 1-41) by approximately 4 and 2 points, respectively, compared to diets without BMD inclusion. While SDAP inclusion did not impact finisher FCR, cumulative FCR (day 1-41) was influenced with a 2 point reduction (P < 0.05) being observed compared to diets without SDAP. The addition of BMD did not impact pen uniformity throughout the study, however, SDAP supplementation improved (P < 0.05) day 41 uniformity compared to diets without SDAP (Table 3) . Feed consumption and mortality were not influenced by the inclusion of BMD or SDAP (Table 4) . With a vast majority of the poultry industry trending towards more ABF production practices, the addition of animal plasma as a possible antibiotic alternative has been suggested due to its rich source of amino acids, as well as its performance and immune enhancing properties. In the current study, both SDAP and BMDimproved broiler performance. It has been well documented that BMD is an effective antibiotic with growth promoting properties [26] [27] [28] . The reason for using BMD in the experiment was to validate if there was a performance response indicating whether or not an immune challenge existed. In the current experiment, the inclusion of BMD in the diet significantly increased broiler BW throughout the trial in combination with a 4 point reduction in finisher FCR and a 2 point improvement in day 1-41 FCR compared to non-BMD-supplemented diets (Table 3) . Additionally, the hypothesis of the study was to evaluate the impact of SDAP in diets with and without BMD in which no interactions were present between the two. The combination of BMD and SDAP produced an additive effect, confirming different modes of action between the two ingredients which was expected. The mechanistic action of BMD involves the interference of bacterial cell wall formation through the dephosphorylation of the carrier for N-acetylmuramyl pentapeptide intermediates [29] resulting in the alteration and facilitation of the microbiota within the gastrointestinal tract [30, 31] . Conversely, it has been proposed that SDAP influences host functions and processes through the mediation of immune function and response. Evidence suggests that SDAP modulates the overstimulation of the animal's inflammatory response by reducing the production of proinflammatory cytokines (TNF-α, IL-1β, and IL-6) while also decreasing intestinal inflammation [7, 14] resulting in improved performance and immune status.
In the current study, birds were placed on recycled litter and were subjected to a mild environmental challenge. Campbell et al. [32] reported greater improvements in broiler performance with SDAP in a challenged environment compared to more sanitary conditions. Furthermore, Coffey and Cromwell [11] observed a higher feed intake and growth response when supplementing SDAP to weanling pigs in an industrial, on-farm nursery compared to those housed in a newer, more hygienic nursery setting. The ability for SDAP to produce a more pronounced effect on animal performance under challenged conditions supports the claim that SDAP can improve intestinal physiology and function as well as regulate immune response.
Addition of SDAP at an inclusion rate of 2% in the starter diet yielded improvements of 17 g on day 10 BW and a 9 point improvement in starter FCR. Similar results were noted by Henn et al. [33] in which feeding spray-dried porcine plasma to broilers at 1.5% from day 1 to 7 and 0.5% during day 8-21 yielded a 3 point improvement in starter FCR (day1-21). It is possible that the improvements observed in the starter period of the current trial were a result of SDAP regulating the bird's immune system allowing for the repartitioning of nutrients from immune activation and up-regulation to growth and muscle accretion. Klasing and Johnstone [34] reported that stimulation of the immune system resulted in reduced skeletal muscle accretion due to higher rates of protein degradation and increased energy utilization to support the immune response and disease resistance. These improvements in performance continued through day 28 and 41 with birds exhibiting a 32 and 58 g heavier BW respectively, accompanied by a reduction in day 1-28 and day 1-41 cumulative FCR when fed 2% SDAP in the starter period compared to birds fed the non-SDAP-supplemented diet. Similar results were described by Campbell et al. [19] and Beski et al. [35] in which birds fed SDAP during the starter period elicited a continuous BW and FCR response to market age. It is established that early access to adequate nutrients post-hatch significantly influences the chicks' immediate and long-term development with early growth being directly correlated to final BW and feed efficiency [36] . This growth response observed in subsequent phases of the current trial could be potentially attributed to the additive combination of immunological properties and intestinal health [35] , as well as the high-quality protein and exceptional amino acid profile associated with SDAP [10, 37] .
Although some authors suggest that SDAP increases feed intake in swine through improvements in palatability [38] , others credit improvements in health status as the driving factor [39, 40] . While the inclusion of SDAP in swine diets has shown to increase average daily feed intake (ADFI) in young pigs [2, 8, 10, 41] , inconsistent data has been published regarding the impact of SDAP on FC in poultry [13, 20, 33, 35 ]. In contrast to results reported by Bregendahl et al. [13] in which the addition of bovine SDAP quadratically increased FC, no significant differences in feed intake were observed in the current trial (Table 4) . Mortality was not influenced by SDAP supplementation in the present study which is consistent with the findings of Henn et al. [33] and Jamroz et al. [42] in that feeding varying levels of SDAP did not impact livability. Nonetheless, the administration of SDAP reduced mortality in turkeys challenged with Pasteurella multocida [43] as well as improved livability in broilers experiencing a necrotic enteritis outbreak [19] . Although dietary treatments did not influence mortality, flock uniformity (measured as COV) was improved on day 41 of the current trial with the addition of 2% SDAP in the starter period (Table 3) . Several implications can originate from poor flock uniformity including variation in nutrient requirements amongst individual birds, delayed growth and performance, as well as carcass downgrades at the processing plant [44, 45] . Bregendahl et al. [13] reported findings that agree with the recent experiment in which feeding increasing levels (0.5%-2.0%) of bovine SDAP resulted in a quadratic improvement on day 42 flock uniformity.
In the present study, improvements in broiler performance were observed with the addition of SDAP and BMD with no significant interactions being present between additives. Furthermore, the incorporation of SDAP at 2% in the starter period increased growth parameters throughout the trial while improving day 41 flock uniformity demonstrating that SDAP can potentially be used as an alternative to antibiotics in broiler diets.
CONCLUSIONS AND APPLICATIONS
1. The inclusion of SDAP increased broiler BW, improved FCR and flock uniformity without impacting FC or mortality. 2. The supplementation of BMD increased performance parameters throughout the study with no interactions between SDAP and BMD being present. 3. Under the conditions of this experiment, SDAP may be used as a potential alternative to antibiotic growth promoters in broiler diets without negatively impacting broiler performance.
